[[alternative]]A Study of Real-Time Fingerprint Identificaton System Using DSP by 謝景棠















































? 1  ???????????  
???????????????????????










































??? ????  




?????????????? (Fourier Transform)??? 3
???  
  
     ( a )                 ( b ) 

















? ? ? ? ? ? ? ? ? ? ? ? ? ? ? (Short-Time Fourier 
Transform?STFT)??????????????????
???????????????? -??? (Time-Frequency 



























































 ? ? ? ? ? ? ? ? ? ? ? ? ? ? (Orthonormal 
Bases) )(, xbaψ ?????????????????????
?? )(xψ ??? (Scaling)??? (Transition)????????
??  
  )2(2)( 2/, bxx aaba −= −− ψψ          (1) 
?? a ? b ?????????????????????
)(xf ???????????????  
  ∫∞
∞−
= dxxxfc baba )()( ,, ψ           (2) 





,, )()( ψ           (3) 
 9
??????? )(xψ ????????????? (Scaling 
Function) )(xφ ??????  
  ∑ −=
k
kxkhx )2()()( φφ           (4) 
?????? )(xφ ???????? 2 ?????? (Dyadic 
Dilation and Transition)??????????????
(Dilation Function)??????? )(xφ ????? )(xψ ???
????  
  ∑ −=
k
kxkgx )2()()( φψ          (5) 
??  
  )1()1()( khkg k −−=           (6) 
??? (4)?? )(kh ??????????????????
(Orthonormal)??? (Unique)?????????????
?????????? )(kh ????????????  
 ? (4)(5)?? )(kh ? )(kg ??????????????
??????????????????????????
???? 1)( +∈ jVxf ?????????? 1+jV ???????
 10
??? )(xf ???  
  ∑ ++=
k
kjkj xcxf )()( ,1,1 φ           (7) 
??? 1+jV ????????? )(xf ??? scaling basisφ??
???? wavelet basisψ???????????????
?? jV ?????????? )(xf ??????? wavelet 
basis ????????????????????????
?? (detail)???????  








,,,, )()()( ψφ        (8) 
?? kjc , ? kjd , ??????  
  ∑ −= +
n
njkj knhcc )2(,1,           (9) 
  ∑ −= +
n
njkj kngcd )2(,1,           (10) 
???? )(kh ? )(kg ???? scaling coefficients ? wavelet 
coefficients??? (9)(10)??????? kjc , ???????
???? kjc ,1+ ? scaling coefficients )(kh ??? (Convolution)
????????? 2(down-sampling by 2)???????





(Two-Band Analysis Filter Bank)?  
 
?? h(k)??? (Low pass)??????g(k)??? (High 
pass) ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
(Convolution)??????????????????
(Down Sampling)???????????????????
??????? njc , ????????????? 6 ????




? 6 ??????  
???????????????? kjc , ????? (??
??? 0)??????????? )(kH ??? kjd , ?????
????????????? )(kG ???????????
???????????????????? kjc ,1+ ????





































),(       (11) 
?? ),( yxI new ????? ),( yxI ???????? M? V??







































   
(c)         (d) 
  
 
? 8 ??????????????(a) ???????(b) Haar
?????????(c) 8? Daubechies?????????(d) ?
? Haar???????? 








?? (Texture Unit Label) TUL ?????????











iTU EL , }6560,...,2,1,0{∈TUL       (12) 



























     (13) 
?? 0P ?????? 33× ?????????
 18








P0 P1 P2 
P7 P P3 
P6 P5 P4 
     
? 1 ?? P ? 3 ? 3 ??  









? ? ? ? ? ? ? ? ? ? ? ?     
 
 









(a)                        (b) 












?? C ?? 9 ? 9 ???????????Si ?? i ?
??????????? S min ?  S max ??????? 
 
 ???????????????? 9 ? 9 ??? 16 ?
????? 12 ?????????  
 












? 13  (a)???  (b)???  (c)????????













ii PPCN  08 PP =                       (17) 
?? iP????? P? 8 ???? i ??????? (0 ? 1)?
?????????? P? CN ??? 2 ????????
????? (Ridge Edning)??? CN ??? 6 ??????
????? (Ridge Bifurcation)?  
 ????????????? (Fingerprint Minutiae)??
?????? (Feature Vectors)?????????????
(x ??? y ?? )???????? θ?????? (????












},,,{ 111 bTyx θ
},,,{ 222 eTyx θ
? 14 ????????????? eT ??????? bT ???
 25




Eigen-Codebook ????? PCA ????????????
?????????????????????????
Txxxx ,...,,, 321 ?? T ? n ??????????? (???









1             (18) 
???????????????????????  
  xxtt −=ϕ  , Tt ,...,2,1=          (19) 
????? T ??????????? (Projection Bases)
??????????? xR ????? (Eigenvector)???










φφ           (20) 
 26
???? ],...,,[ 21 TA ϕϕϕ= ???????? nn× ???? xR ??










ϕφ             (21) 
?? jtv ?? 'xR ???? j??????? t????? jφ ??
????? xR ????????? T??????????
???????????????????? nn× ????





?????????? x??????? iφ ?? 16 ????
??????????????????????????



























? 16 ?????????????????? 
 28





   

















?????????? (Left Loop)????? (Right Loop)?








( a )      ( b ) 
  
( c )      ( d ) 
   
( e )      ( f ) 
 
 
? 18 ????????(a)????(Left Loop)?(b)????(Right 




























PPPS        (23) 
?? G(P)??????? P ????? kP ????????
P ?????? k ???????? 1 ?????????
????????Kirsch ? G ?????????????

























      (24) 
??????????????????????????



















? 19 ????????????? 













)),(sin(),(' jiji θθ =           (25) 








? 511× ????????????  
 
0 1 1 1 1 1 1 1 1 1 0 
0 0 1 1 1 1 1 1 1 0 0 
0 0 0 1 1 1 1 1 0 0 0 
0 0 0 0 1 1 1 0 0 0 0 
0 0 0 0 0 X 0 0 0 0 0 
 
? 21 ?????????(sin)?????? 
? 22 ???????????? 
 35
????????????????????????



















?? 224224× ?????????????????? 77× ?
?????????? 24(c)-(f)????????????




       ( a )    ( b ) 
  
       ( c )    ( d ) 
  







? 24 ????? Kirsch?????????(a)???????
(b)????????(c) ???????? HG ?(d) ???
????? VG ?(e) ????????? LG ?(f) ????
????? RG  
 38





























































   (27) 
?? D ?????????????????????
?????? minD ? maxD ????????????????
(??? 0min =D ? 8max =D )?????????????? DS








DMFinal SSS ×−+×= )1( ωω          (28) 




















?? 26 ??????????????????? ω?
?????????????????? ω???????
?????????????????????????









1 5 10 
??????
(A) 
80.4% 89.2% 92.4% 
(A)+????
? (B) 
87.2% 94% 95.4% 
(A)+(B)+??
???  
89.3% 95.2% 98.9% 






????????????? 7%?????  
 42
















[1] M. T. Humberto, and L. R. Hugo, “Automatic speaker identification 
by means of mel cepstrum, wavelets and wavelets packets,” Proc. 
IEEE Int. Conf. th22  Annual EMBS, pp. 978-980, July 2000. 
[2] C. Miyajima, Y. Hattori, K. Tokuda, T. Masuko, T. Kobayashi, and T. 
Kitamura, “Text-independent speaker identification using Gaussian 
mixture models based on multi-space probability distribution,” 
IEICE Trans. Inf. & Syst., vol. E84-D, no. 7, pp. 847-855, July 
2001. 
[3] B. L. Pellom, J. H. L. Hansen, “An effective scoring algorithm for 
Gaussian mixture model based speaker identification,” IEEE Signal 
Processing Letter, vol. 5, no. 11, pp. 281-284, Nov. 1998. 
[4] B. L. Pellom, and J. H. L. Hansen, “An effective scoring algorithm 
for Gaussian mixture model based speaker identification,” IEEE 
Signal Processing Letters, vol. 5, no. 11, pp. 281-284, Nov. 1998. 
[5] ???????????????????????? 87?? 
[6] I. Daubechies, “The wavelet transform, time-frequency localization 
and signal analysis,” IEEE Trans. Information Theory, vol. 36, pp. 
961-1005, Sept. 1990. 
[7] C. S. Burrus, R. A. Gopinath, and H. Guo, Introduction to wavelets 
and wavelet transforms: A Primer, Prentice-Hall, New Jersey, 1998. 
[8] P. N. Belhumeur, J. P. Hespanha, and D. J. Kriegman, “Eigenfaces 
vs. Fisherfaces: recognition using class specific linear projection,” 
IEEE Trans. Pattern Analysis and Machine Intelligence, vol. 19, no. 
7, pp. 711-720, July 1997. 
[9] A. M. Martinez, and A. C. Kak, “PCA versus LDA,” IEEE Trans. 
Pattern Analysis and Machine Intelligence, vol. 23, no. 2, pp. 
228-233, Feb. 2001. 
[10] D. Lee, S. Baek, and K. Sung, “Modified K-means algorithm for 
vector quantizer design,’ IEEE. Signal Processing Letters, vol. 4, no. 
1, pp. 1-5, 1997. 
[11] A. S. Abutaleb, and M. Kamel, “A genetic algorithm for the 
estimation of ridges in fingerprints,” IEEE Trans. Image Processing, 
vol. 8, no. 8, pp. 1134-1139, 1999. 
[12] S. Kasaei, M. Deriche, and B. Boashash, “Fingerprint feature 
 44
enhancement using block-direction on reconstructed images,” Proc. 
IEEE ICICS, Singapore, pp. 721-725, 1997. 
[13] A. Wahab, S. H. Chin, and E. C. Tan, “Novel approach to automated 
fingerprint recognition,” IEE Proc.-Vis. Image Signal Process., vol. 
145, no. 3, pp. 160-166, 1998. 
[14] L. Hong, Y. Wan, and A. K. Jain, “Fingerprint image enhancement: 
Algorithm and performance evaluation,” IEEE Trans. Pattern Anal. 
Machine Intell., vol. 20, pp. 777-789, 1998. 
[15] A. K. Jain, S. Prabhakar, and L. Hong, “A multichannel approach to 
fingerprint classification,” IEEE Trans. Pattern Anal. Machine 
Intell., vol. 21, no. 4, pp. 348-359, Apr. 1999. 
[16] A. K. Jain, S. Prabhakar, L. Hong, and S. Pankanti, 
“Filterbank-based fingerprint matching,” IEEE Trans. Image 
Processing, vol. 9, no. 5, pp. 846-859, May 2000. 
[17] I. Emiroglu, and M. B. Akhan, “Pre-processing of fingerprint 
images,” ECOS 97, European Conference on Security and 
Detection., vol. 28-30, pp. 147-151, 1997. 
[18] L. Hong, and A. K. Jain, “Classification of fingerprint images,” 
Technical Report MSUCPS:TR98-18, Michigan State Univ., June 
1998. 
[19] A. Senior, “A hidden Markov model fingerprint classifier,” Proc. 
31st Asilomar Conf. Singals, Systems and Computers, pp. 306-310, 
1997. 
[20] M. M. S. Chong, T. H. Ngee, L. Jun, and R. K. L. Gay,” Geometric 
framework for fingerprint classification,” Pattern Recognition, vol. 
30, no. 9, pp. 1475-1488, 1997. 
[21] S. B. Cho, “Neural-network classifiers for recognizing totally 
unconstrained handwritten numerals,” IEEE Trans. Neural Network, 
vol.8, no.1, Jan. 1997. 
[22] S. Prabhakar, A. K. Jain, J. Wang, S. Pankanti, and R. Bolle, 
“Minutiae verification and classification for fingerprint matching,” 
IEEE Conf. pp. 25-29, 2000. 
 45
???  
An Effective Algorithm for Fingerprint Image Enhancement Based 
on Wavelet Transform ???? 
 46
???  
Minutiae Verification with Principal Component Analysis For 
Fingerprint Image Postprocessing ???? 
